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Catchable-sized hatchery trout (hereafter, catchables) have become a staple component of many fisheries management pro-
grams throughout North America. Due to their size, catchables create immediate fisheries once they are stocked, and fisheries 
managers have gradually shifted towards stocking fewer, larger trout. However, the cost of growing larger fish may reduce the 
efficiencies of catchable stocking programs overall. We grew catchable-sized Rainbow Trout Oncorhynchus mykiss to two target 
average sizes (254 and 305 mm total length) at a production scale, while tracking feed expenditures to examine the costs and 
benefits associated with increased size-at-stocking. Although larger catchables cost 31% more in feed expenditures than those 
reared to a smaller average size, catch (by anglers) of larger fish increased by 100% relative to smaller fish. Consequently, if target 
stocking size was changed from 254 to 305 mm and feed costs were held constant by reducing the total number of fish stocked, 
anglers would benefit by catching larger and more fish, despite the reduction in number of fish stocked. In lentic systems, larger 
catchables were reported by anglers more quickly than smaller fish, so managers must consider interactions between stocking 
size and residence time for lentic systems supported by catchables. In lotic systems, overall catch by anglers was much lower than 
catch at lentic waterbodies, and all catchables were either reported by anglers quickly or failed to be reported at all regardless of 
size-at-stocking. Producing larger catchables for hatchery-supported fisheries serves to benefit angling and would likely increase 
angler satisfaction while improving efficiencies associated with hatchery catchable stocking programs.

INTRODUCTION
Catchable-sized hatchery trout (hereafter, catchables) serve 

as an important component of many coldwater fisheries man-
agement programs throughout North America. In 2004 alone, 
nearly 60% of the ~80 million non-anadromous Rainbow 
Trout Oncorhynchus mykiss stocked by state and federal man-
agement agencies across the United States were released as 
catchables (>152 mm TL; Halverson 2008). While the over-
all number of trout stocked in the United States has declined 
since 1973, the total weight of stocked trout has increased 
(Halverson 2008), indicating that fisheries management agen-
cies have shifted their stocking programs by providing anglers 
with fewer, larger trout. Due to their size, catchables provide 
immediate fisheries once they are stocked and are especially 
important for coldwater fisheries that cannot support wild 
trout populations or where wild trout catch rates are low. In 
many fisheries, stocking catchables allows resource manag-
ers to provide harvest opportunity to the public. In Idaho, 
the Idaho Department of Fish and Game (IDFG) produces 
catchables specifically for put-and-take fisheries to provide 
opportunities for anglers to catch or harvest stocked fish.

Angler catch of hatchery fish can be influenced by a variety 
of factors, some of which are associated with decisions made 
prior to stocking. In-hatchery conditions such as diet formu-
lation (Barnes et al. 2009), water quality (Larmoyeux and 
Piper 1973), and rearing density (Elrod et al. 1989; Banks and 
LaMotte 2002) have been shown to affect post-stocking per-
formance of salmonids. In addition, stocking density (Moring 
1985; Miko et al. 1995) and size-at-stocking (Mullan 1956; 
Walters et al. 1997; Losee and Phillips 2017) can influence 
angler catch of stocked trout. However, growing catchables 
to a larger size in fixed-space rearing units naturally results 
in fewer individuals to be stocked, which may reduce overall 
catch by recreational anglers (Moring 1985). Accordingly, 
resource managers are tasked with optimizing the number and 
size of catchables produced while maximizing angler catch 
when evaluating the effectiveness of a hatchery catchable 
stocking program.

Return-to-creel of  catchable trout may also be influenced 
by the conditions at receiving water bodies where fish are 
stocked. Post-stocking survival of  hatchery catchables is 
often low (Shetter 1947; Walters et al. 1997; Dillon et al. 
2000; High and Meyer 2009), thus catchables are generally 
not expected to reproduce, survive long-term, or otherwise 
fully recruit to a fishery (Patterson and Sullivan 2013). 
Angling effort is generally highest immediately following a 

stocking event (e.g., Baer et al. 2007; Hyman et al. 2016), 
and removal of  catchables through angler harvest will 
reduce average residence time of  stocked fish, highlighting 
the need to consider stocking frequency when managing put-
and-take fisheries. Depending on management objectives, 
multiple stocking events may be warranted in select fisheries 
to maintain adequate catch rates throughout the angling sea-
son. Catch rates of  Rainbow Trout by recreational anglers 
may also be affected by the abundance of  aquatic predators 
(Baldwin et al. 2003), the presence and abundance of  avian 
predators (Walters et al. 1997; Chiaramonte et al. 2019), and 
prey availability (Haddix and Budy 2005). In general, larger 
trout are better suited to avoid predation by piscivorous fish 
(e. g. Yule et al. 2000), but growing hatchery fish to a larger 
size is accompanied with increased rearing costs (e.g., feed 
expenditures). As such, resource managers must strike a 
balance between rearing costs, the number and size of  fish 
produced, and angler catch to maximize the efficiency of  a 
catchable stocking program.

Despite the popularity of  catchable stocking programs 
throughout North America, current programmatic assess-
ments of  catchable stocking programs are lacking (Jackson 
et al. 2004). The paucity of  literature devoted to the eco-
nomics of  catchable stocking programs warrants further 
inquiry, and management agencies may benefit financially 
from reducing the number of  stocked catchables (Johnson 
et al. 1995). A recent evaluation reported that larger catch-
ables can provide economic and angling benefits (Losee and 
Phillips 2017), however, those results were limited to two 
relatively small lakes that were sampled within 3  days of 
stocking. Many fishery management agencies release catch-
ables across multiple waterbodies throughout the stocking 
season to satisfy angler demand. As such, it is unclear if  
the benefits associated stocking larger catchables scales up 
at the programmatic level. Since larger hatchery trout typ-
ically return-to-creel more frequently than smaller conspe-
cifics (e.g., Wiley et al. 1993; Walters et al. 1997; Yule et al. 
2000; Losee and Phillips 2017), we evaluated two target sizes 
of  catchable Rainbow Trout to determine if  size-at-stocking 
influences angler catch. Fish were stocked into many len-
tic and lotic systems that varied considerably with regard 
to general site characteristics. In addition, feed expenditures 
associated with growing catchables at a production scale 
were compared between target length groups to evaluate 
the relative cost effectiveness of  stocking trout at a larger 
size. Although feed expenditures alone likely do not reflect 
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all cost increases associated with stocking larger trout, they 
serve as a primary expense that is generally unrelated to 
hatchery infrastructure limitations (e.g., water delivery sys-
tems) or facility operations (e.g., overhead and personnel 
costs, transportation constraints). As such, this evaluation 
provided a relatively comprehensive (though not exhaustive) 
framework to quantify the cost-effectiveness of  catchable 
stocking at a programmatic level.

METHODS
Catchable Rainbow Trout were raised from eggs that 

were sourced from Troutlodge (Sumner, Washington) and 
from the IDFG internal “Hayspur” broodstock. All eggs 
were pressure-treated to induce triploidy and maintain 
accordance with the statewide policy of  stocking sterile fish 
(Kozfkay et al. 2006) to reduce the risk of  genetic introgres-
sion with native trout populations. Fish were reared during 
2014–2016 at two IDFG fish hatcheries (American Falls 
and Nampa) that produce most of  the catchables stocked 
throughout Idaho. Catchables were grown to two target 
sizes for this evaluation, one being the 254 mm (TL) aver-
age length target for catchable trout normally produced in 
Idaho (hereafter, standards), the other being larger fish that 
were grown to a target average length of  305 mm (hereafter, 
magnums). Given that two different sizes of  catchables were 
grown for this evaluation, eggs were hatched approximately 
two months apart to allow both size groups to achieve the 
targeted lengths concurrently. All fish were reared under 
typical conditions associated with each facility using stan-
dard production-level culturing practices; only hatch timing 
was different between standards and magnums.

At American Falls Fish Hatchery, study fish were reared 
in 13°C single-pass spring water. Initial rearing occurred in 
indoor concrete vats (5.3 × 1.2 × 0.8-m units) and fish were 
fed via hand and belt feeders. Upon reaching approximately 
55 mm, fish were inventoried and moved to outdoor concrete 
raceways (30 × 2.4 × 0.6-m rearing units) and were hand-fed 
for the remainder of the rearing period. A maximum flow 
index of 0.80 lb/gal/min/ft was targeted for standards, whereas 
targeted maximum flow index for magnums was 1.0  lb/gal/
min/ft throughout the rearing cycle (English units used as 
industry standard).

At Nampa Fish Hatchery, study fish were reared in 
15°C single-pass spring water. All fish were hatched into 
small concrete outdoor raceways (7.6 × 1.5 × 0.6-m rearing 
units) and fed via hand feeding and belt feeders set on a 
12-hour timer. Upon reaching approximately 80 mm, fish 
were inventoried and moved to large outdoor concrete 
raceways (30  ×  3.7  ×  0.6-m rearing units) and fed with a 
tractor-pulled broadcasting feeder for the remainder of  the 
rearing period. A maximum flow index of  2.06 lb/gal/min/
ft was targeted for standards, and a maximum flow index 
of  2.26 lb/gal/min/ft was targeted for magnums throughout 
the rearing cycle.

At both hatcheries, a single large outdoor raceway was 
used to rear fish for each targeted length group; both test 
raceways at each facility were identical in volume. Rearing 
densities were equivalent between length groups, and a 
maximum density index of  0.30  lb/ft3/in was targeted for 
both groups once fish in each raceway achieved their tar-
get length. This approach provided the maximum number 
of  individuals to be grown in each raceway while keeping 
biomass equivalent among length groups and maintaining 

the typical density index value targeted across all IDFG resi-
dent trout hatcheries. All fish were fed a floating commercial 
trout diet (EXTR450; Rangen, Buhl, Idaho); rations, feed 
formula, and pellet size were adjusted according to guide-
lines provided by the manufacturer as a function of  fish size. 
Fish from all raceways were sampled and weighed monthly 
to refine feed rations and target 25 mm of  growth per month. 
Since standards and magnums were grown in separate race-
ways at both hatcheries, feed costs were tracked separately 
throughout the rearing process.

Post-release performance (i.e., catch and harvest) of 
study fish was assessed via angler reporting of  tagged fish. 
Prior to each stocking event, all catchables were crowded in 
their respective raceways and a sample was collected with a 
dip net at random. Individual fish were sedated, measured 
for TL (mm) and tagged using a uniquely numbered 70-mm 
fluorescent orange T-bar anchor tag that was implanted into 
the dorsal musculature. Tagged fish were placed in enclosures 
and allowed to recover overnight. Within 48 hours of  tag-
ging, tagged catchables were loaded onto stocking trucks by 
dip net and transported to stocking locations. During most 
stocking events, an equal number of  tagged standards and 
magnums were released concurrently alongside equal pro-
portions of  untagged fish (Tables 1 and 2). Each water body 
received 44–795 tagged fish, depending on the total number 
of  fish being released, and no more than 10% of  the total 
number of  fish released were tagged. A subset of  randomly 
selected waterbodies received US $50 reward tags or double-
tagged fish in addition to standard non-reward tags to esti-
mate angler reporting rate and tag loss. Reward-tagged or 
double-tagged fish were apportioned equally between stan-
dards and magnums at a constant rate of  10% of  the total 
number of  tagged fish stocked. All tagged fish were stocked 
between April and October, and were at-large for a maxi-
mum of  2  years to allow ample time for anglers to catch 
and report individual fish. Mortalities and shed tags were 
recorded when loading fish for transport, and truck tanks 
were checked again for shed tags after stocking.

All anchor tags were marked IDFG and included a unique 
identification number and web URL on one side of the tag, 
and a phone number on the other side of the tag to facilitate 
tag reporting by anglers. In addition, anglers could report their 
catch by visiting a regional IDFG office or by mail. Anglers 
reported the date and disposition of their catch (i.e., harvested 
or released), and were asked if  they removed the tag(s) from fish 
that were released to ensure accurate record keeping for sub-
sequent recapture. Reward tags were identical to non-reward 
tags in size and color, but contained the text “$50 reward.” All 
anglers who reported a tagged fish were asked if  their catch 
had one or two tags. Tag return data from each waterbody 
were accrued for a maximum of 2 years post-stocking; all tag 
return data presented herein reflect “total catch” by anglers, 
which consists of all fish reported by anglers, including those 
harvested and released within 2 years of stocking. Subsequent 
recaptures of previously reported individual fish were rare 
throughout this 3-year evaluation (n = 6), therefore, all sum-
maries and analyses used data associated only with the first 
instance of capture by an angler.

To estimate angler reporting rate (λ) of non-reward tags, 
we used the high-reward method (Pollock et al. 2001) and fol-
lowing equation:

� =
Rr∕Rt

Nr∕Nt
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where Rt and Rr are the number of non-reward tags 
stocked and reported, respectively, and Nt and Nr at the num-
ber of reward tags stocked and reported, respectively. Tag 
reporting rate was estimated separately for standards (0.47) 
and magnums (0.49), however, the difference between the two 
estimates (i.e., proportions) was not significant at the α = 0.05 
level (P = 0.50), so reward tag data from all fish were pooled to 
estimate an overall tag reporting rate by anglers.

All double-tagged fish that were returned by anglers with 
one or two tags were used to calculate tag loss rates using the 
following tag loss estimator (McCormick and Meyer 2018):

where nAA
A

 is the number of  fish that were double tagged 
when stocked, but were reported by anglers as having only 
one tag at the time of  capture, and nAA

AA
 is the number of  fish 

that were reported as having two tags at the time of  capture. 
Similar to reward-tagged fish, tag loss rates were calculated 
separately for standards (0.0025) and magnums (0.0015), but 
the difference between the estimates was not significant at 
the α = 0.05 level (P = 0.64), so double tag data were pooled 
across targeted length groups to estimate an overall tag loss 
rate.

In-hatchery tagging data were summarized using magnum-
specific, standard-specific, and pooled data to describe the 
length distribution of fish released by IDFG and the length 
distribution of fish reported by anglers. Because standards 
and magnums were grown in independent raceways with 
unique feed regimens, we evaluated the difference between the 
proportion of magnums and standards caught and reported 
by anglers at α = 0.05 level to determine if  tag return rates dif-
fered between length groups. “Total catch” (u), which included 
fish that were harvested as well as those released within 2 years 
post-stocking, was estimated as the number of non-reward-
tagged fish caught and reported by anglers divided by the 
number of non-reward tags stocked. Total catch was adjusted 
(u′) to account for angler reporting rate (λ), tag loss (Tagl), and 
tagging mortality (Tagm = 0.008; Meyer and Schill 2014), and 
was estimated for standards and magnums separately using 
the formula:

Feed cost data from each rearing facility were summarized 
to estimate and compare average cost/fish grown for standard 
and magnum raceways. Average cost estimates for standards 
and magnums were then multiplied by the inverse of all plausi-
ble u′ values (i.e., 0–100%) to model cost/fish caught by anglers 
for each target length group. Observed u′ estimates were refer-
enced to estimate cost/fish caught for standards and magnums. 
We define the relationship between the observed u′ estimates 
and the associated cost/fish caught values for standards and 
magnums as the “effective” cost or benefit of growing and 
stocking larger catchables.

Mixed-effects logistic regression and accelerated failure 
time (AFT) models were fitted to tagging data to further char-
acterize the effect of fish length (in mm) on angler catch of 
tagged fish. Targeted length categories (i.e., standard or mag-
num) are useful and necessary for large-scale fish production 

where rearing costs are incurred, but integer length of fish (in 
mm) was used for all models in lieu of targeted length cate-
gory due to correlation between integer values and categorical 
values of length.

We estimated the probability of capture of tagged fish as 
a function of fish length (TL; mm), water body type (i.e., lotic 
or lentic), and their interaction using a mixed-effects logistic 
regression model. Fish length data were scaled to improve model 
convergence. Each tagged fish served as the unit of observation 
and catch of individuals was determined by angler reports. The 
specific water bodies where tagged fish were stocked served as 
a random effect in the model. Statistical significance of each 
parameter in the model was inferred by assessing if the associ-
ated 95% confidence interval (CI) excluded zero.

A suite of AFT models were fitted to tag return data to 
evaluate the effect of fish length on average time-to-capture 
(i.e., residence time) of catchable trout. Residence time (num-
ber of days between stocking date and reported catch date) 
of an individual was modeled as a function of fish length, 
waterbody type, and their interaction using six plausible error 
distributions. Akaike’s Information Criterion was used to 
select the top, most plausible model (Burnham and Anderson 
2002). The error distribution associated with the top model 
was then used to fit a null model, and all models (including the 
null) were ranked again using Akaike’s Information Criterion 
to understand whether the longevity of a catchable fishery is 
better explained by measured variables or by random chance. 
As noted earlier, if  the 95% CI associated with each parameter 
did not contain zero, then the effect of that parameter was 
considered statistically significant.

RESULTS
Across 3 years, 20,077 non-reward tagged catchables were 

released into 28 lentic and 17 lotic systems (Tables 1 and 2). 
Mean length (at tagging) for fish reared in standard raceways 
was 258 mm (±29; SD), compared to 313 mm (± 30) in mag-
num raceways, though substantial variation and overlap in 
size was observed for both target length groups (Figure 1).

In total, 2,314 non-reward tagged fish were returned by 
anglers within a maximum of 2 years from their tagging date. 
Anglers caught larger catchables more frequently than smaller 
catchables (Figure 2), reporting 15.1% of all tagged magnums 
and 7.5% of all tagged standards. The difference between the 
proportions of tagged catchables returned by anglers was 
7.6%, which was statistically significant (P < 0.05). Estimated 
tag reporting rate was 48.6% and tag loss was 0.2% for all 
tagged fish. Adjusted total catch (u′) for magnums was 31.4%, 
whereas adjusted total catch for standards was 15.5%.

Results from the mixed-effects logistic regression model cor-
roborated the importance of fish length, indicating that the prob-
ability of return for individual fish was positively related to length 
at release (Table 3). Although individual fish stocked into lotic sys-
tems had a slightly higher mean probability of return compared 
to fish stocked into lentic systems, the effect of water body type in 
the model was not significant. Only integer length of tagged fish 
served as a statistically significant variable in the model.

The AFT model containing fish length, waterbody type, 
and their interaction using the lognormal error distribution 
served as the top model associated with time-to-capture (i.e., 
residence time) of catchables (Table 4). All model parameters 
were significant, and the individual effects of fish length and 
lotic systems were negatively related to residence time of an 
individual. In general, fish stocked into lotic systems were 

tagl =
nAA
A

nAA
A

+ 2nAA
AA

u� =
u

�
(

1 − Tagl
) (

1 − Tagm
)
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returned by anglers much quicker than those stocked into len-
tic waterbodies at any particular length (Figure  3). Average 
residence time differed significantly between magnums and 
standards across all water bodies; magnums were at-large for 
93 days (95% CI, ± 6 days) on average, whereas standards were 
at-large for an average of 112 days (± 10 days).

Though biomass and rearing volume were equivalent 
throughout the rearing cycle, feed costs were higher for race-
ways where fish were grown to larger target size. Feed costs 
increased 31% when growing fish to larger size; production-
scale costs for standards was $0.30/fish, whereas magnums 
cost $0.43/fish on average. However, because the relative catch 
of magnums was double that of standards, the average cost/
fish caught was $0.55 less for magnums (Figure 4).

DISCUSSION
The need for more post-release evaluations of hatchery 

trout catchable stocking programs was identified over 30 years 
ago (Hartzler 1988), yet such evaluations remain relatively 
scarce. One exception to this scarcity is the growing body of 
literature indicating that larger catchables are more likely to 
be caught by an angler than smaller catchables (Mullan 1956; 
Yule et al. 2000; Cassinelli et al. 2016; Losee and Phillips 
2017; Cassinelli and Meyer 2018; Meyer and Cassinelli 
2020). However, all of these studies evaluated size of catch-
ables as a secondary objective or tested size-at-release across 
small geographic and temporal scales. The results of the cur-
rent study concur with previous work in demonstrating that 
anglers catch higher proportions of catchables when larger 
fish are stocked. To provide a programmatic-level benefit, 
however, the increase in average catch across all systems can-
not be exceeded by the cost increase associated with growing 
larger fish. Whereas feed costs associated with raising mag-
nums increased by 31% compared to standards in this study, 
angler returns of magnums increased by 100% compared to 
standards. Although feed costs do not account for all expen-
ditures associated with fish rearing, they do serve as a primary 
expense (Westers 2001), especially when growing fish to larger 
sizes. Other expenses such as personnel, general operating, 
and overhead costs were not included in this analysis because 
those expenditures are relatively fixed, though they do vary 
considerably among hatcheries and agencies due to differences 
in hatchery operations (e.g., budget allocation, pay rate) and 
infrastructure limitations (e.g., water supply, transport con-
straints). Nevertheless, the current study indicates that pro-
ducing and stocking catchables that were 313 mm on average 
would improve put-and-take program efficiencies overall com-
pared to stocking catchables at an average length of 258 mm.

The observed difference in angler catch between standard 
and magnum catchables was unlikely to have been caused by 
other confounding factors. For example, individuals from 
both target length groups tested were presumed to be invul-
nerable to predation by piscivorous fishes (Yule et al. 2000), 
and any effect of predation by avian predators was assumed 
to be equal between length groups (Walters et al. 1997; 
Chiaramonte et al. 2019). We found no difference in tag 
reporting rate between length groups, indicating that the dif-
ference in angler catch can be attributed to the angling process 
itself. Although total catch by anglers was seemingly low in 
the present study (15.5% for standards, 31.4% for magnums), 
these results are consistent with other catchable post-release 
evaluations in Idaho (Meyer and Schill 2014; Cassinelli et al. 
2016; Cassinelli et al. 2018) and other catchable evaluations 
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dating back 80 years (e.g., Shetter and Hazzard 1941; Walters 
et al. 1997). Catchability is of paramount importance for put-
and-take fisheries, given that the impetus behind such pro-
grams is to create immediate fisheries. However, the fact that 
most stocked fish are never caught by anglers highlights the 
importance of making management decisions that maximize 
catch of hatchery fish at put-and-take fisheries. Size-selectivity 
associated with angling is well-documented for many species 
(Miranda and Dorr 2000; Pope et al. 2005), and the data pre-
sented herein suggest that anglers catch the largest of stocked 
trout at put-and-take fisheries. Despite increases in rearing 
costs associated with growing catchables to a larger size, it cost 
$0.55 less on average for every magnum caught by an angler 
than for every standard caught. This result-based outcome 
summarizes the effective programmatic benefit of producing 

and stocking larger catchables across a variety of lentic and 
lotic systems.

Preliminary analyses applied to the data herein indicated 
that integer length of individual fish served as a better pre-
dictor of angler tag returns than did the raceway-specific 
effect of “magnum” or “standard,” likely due to overlap-
ping lengths among test groups. A significant difference was 
observed between the proportions of standards and magnums 
caught by anglers, but not every individual fish achieved or 
maintained its targeted length. Efforts such as size grading 
can be used to select larger fish for stocking, allowing more 
time for smaller catchables to remain on-station to achieve 
a larger size. However, at the hatchery-production scale, size 
grading of catchables has not been shown to increase mean 
size-at-release compared to ungraded fish over the entirety 

Table 3. Parameter estimates (i.e., log-odds) and 95% confidence 
intervals (CI) for a mixed-effects logistic regression model that 
evaluated the effect of fish length (mm) and waterbody type (lentic 
or lotic) on the probability of an angler catching and reporting a 
tagged fish. Specific water bodies where tagged fish were stocked 
served as a random effect in the model. Length data of all tagged fish 
were scaled to ensure model convergence.

Parameter Estimate 95% CI

Intercept −2.46 −2.77 – −2.16

Length (mm) 0.59 0.53 – 0.64

Lotic 0.09 −0.40 – 0.59

Length × Lotic −0.08 −0.20 – 0.03

Table 4. Parameter estimates and 95% confidence intervals (CI) for 
an accelerated failure time model (lognormal error distribution) 
evaluating the effect of fish length (mm) and waterbody type (lentic 
or lotic) on time-until-capture by an angler.

Parameter Estimate 95% CI

Intercept 5.33 4.82 – 5.85

Length (mm) −0.004 −0.006 – −0.003

Lotic −2.30 −3.37 – −1.23

Length × Lotic 0.0040 0.0009 – 0.0080

Figure 3. Predicted probabilities of an accelerated failure 
time model (lognormal error distribution) where time-to-
capture (i.e., days-at-large) of tagged hatchery Rainbow Trout 
was related to fish length (mm) and waterbody type. Thin 
lines represent 95% confidence intervals.
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Figure 2. Length distributions for all tagged hatchery Rainbow 
Trout that were released into lotic and lentic waterbodies 
from 2014—2016 and those that were caught and reported 
by anglers.
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Figure 1. Length distributions at stocking for hatchery 
Rainbow Trout reared in respective raceways as “standards” 
(target average length = 254  mm) and “magnums” (target 
average length = 305 mm).
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of a stocking period, and catch of size-graded fish by anglers 
is equivalent to that of ungraded fish (Meyer and Cassinelli 
2020). Consequently, increasing the target length during pro-
duction may be the most effective method of maximizing the 
proportion of stocked catchables that are caught by anglers.

The effective cost benefit observed when stocking magnum-
sized catchables compared to standard-sized catchables raises 
questions relating to targeted length; specifically, what length 
should be targeted during production before rearing costs 
exceed the benefits of improved angler returns? Perhaps 
305 mm serves as the apex of this cost-benefit relationship, but 
evaluating the post-release performance of catchables raised 
at production scale to an even larger target size would seem 
prudent. Catchables reared to 300 mm have been shown to be 
the most cost-effective length for catchable trout stocking in 
Washington Lakes (Losee and Phillips 2017), but that result is 
limited to fish that were harvested on opening day of the trout 
fishing season and may not reflect the lowest cost when con-
sidering catch-and-release or when evaluated throughout the 
season and across numerous waterbodies. Feed costs represent 
only a portion of the cost associated with rearing a group of 
fish at a production scale, but they are a useful metric when 
evaluating the post-release performance of two size groups 
when other important variables (e.g., rearing density, total 
number stocked) are held constant. However, ingredients used 
in commercial feeds are subject to market pricing, so fluctua-
tions in commodity markets could influence the effective ben-
efit of stocking larger fish.

Although waterbody type did not have a significant effect 
on probability of  catch by an angler, the effect of  fish length 
on residence time of  catchables varied significantly between 
lentic and lotic systems. In lentic waterbodies, the largest of 
catchables were caught more quickly by anglers than smaller 
conspecifics. Therefore, stocking larger catchables in len-
tic waterbodies might serve to increase return-to-creel, but 
reduce the average residence time of  the population, high-
lighting the need to consider stocking frequency to maintain 

desirable angler catch rates throughout the angling season. 
In contrast, residence time of  stocked fish was much shorter 
in lotic systems, and individual fish length had little effect 
on the residence time of  hatchery catchables in lotic fisher-
ies. Previous studies in lotic systems have reported that most 
catchables are caught by anglers shortly after stocking (Fay 
and Pardue 1986; Dillon et al. 2000), presumably because 
survival is low (Bettinger and Bettoli 2002; High and Meyer 
2009). In addition, hatchery catchables can disperse several 
kilometers from their stream stocking locations (Cresswell 
1981), which may contribute to lower returns observed in 
lotic systems. In light of  the results of  the current study 
and others, catchables stocked into lotic systems seem to be 
caught and reported by anglers quickly or fail to be reported 
at all—regardless of  size-at-stocking.

Considering the number of tagged fish and water bodies 
evaluated, the results presented here present a strong case that 
shifting trout stocking programs to larger size-at-stocking can 
improve the overall efficiency of a catchable hatchery trout 
program. However, not all fishery types were included in our 
evaluation. For example, urban and community ponds are 
quintessential examples of put-and-take fisheries (Eades et 
al. 2008), but we omitted them from the study due to inher-
ently high levels of angling pressure and harvest rates that can 
exceed 90% (Brader 2008). Given such high catch rates, it may 
not be cost-effective to stock larger catchables in urban and 
community pond fisheries. However, community pond anglers 
have shown preference towards catching larger fish rather than 
more fish (Schramm and Dennis 1993), and the results of the 
current study suggest that an empirical evaluation of relative 
catch between standards and magnums at urban and commu-
nity ponds would be useful.

Fishery-specific metrics such as angler catch rate and aver-
age length of catch could be used to adjust catchable produc-
tion targets and further increase programmatic efficiencies. 
Angler satisfaction can be influenced by a suite of catch-
related variables, such as stocking density, catch rates, and 
fish size (Miko et al. 1995; McCormick and Porter 2014). For 
Rainbow Trout anglers in general, average length of catch, as 
well as the number of fish caught per hour, are important pre-
dictors of angler satisfaction (McCormick and Porter 2014). 
Providing larger catchables for hatchery-supported fisheries 
would likely result in increased angler satisfaction and serve 
to increase efficiencies in agency operations. However, rear-
ing space at production facilities in general is finite, and the 
average size-at-stocking has a direct effect on the number of 
individuals that may be reared and stocked. For instance, 
growing fish to magnum size in this study resulted in a 35–
40% reduction in the total number of fish typically grown to 
standard size in the same rearing space. Total biomass in stan-
dard and magnum raceways were held constant during this 
evaluation to simplify the cost–benefit analysis. However, fish 
density can be increased as larger sizes are achieved (Piper 
et al. 1982), thereby increasing biomass and total number of 
fish produced. Fisheries managers must be cognizant of the 
interactions between stocking size, stocking frequency, total 
number of catchables produced (and stocked), and longevity 
of fisheries (i.e., residence time of stocked trout) when main-
taining or supplementing populations with hatchery-reared 
catchables. Such considerations can improve the efficiencies of 
a catchable stocking program overall and provide an immedi-
ate benefit to recreational anglers.

Figure 4. Cost/fish caught by anglers for catchables released 
as “standards” (average target length = 254 mm) and “mag-
nums” (average target length = 305 mm). Adjusted total catch 
(u′) for fish grown in standard raceways was 15.5% (thin verti-
cal solid line), whereas u′ for fish grown in magnum raceways 
was 31.4% (thin vertical dashed line). The realized effective 
cost difference for fish caught by anglers was $0.55 less for 
magnums.
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